risk factors and insulin resistance.
11)12) However, few clinical studies examined EAT and MAT separately with regard to their relation with CAD. So, we measured EAT and MAT using echocardiography and examined their correlations with CAD and serum adiponectin.
M Me et th ho od ds s Study populations
One hundred fifty three patients who underwent elective coronary angiography for chest pain were studied. We excluded patients who had myocardial infarction, acute inflammatory disease, heart failure, cardiomyopathy, or pericardial effusion. Moreover, we excluded those whose transthoracic echocardiographic view was inadequate for measuring the epicardial fat thickness.
On admission, blood sampling was performed to measure total cholesterol, triglyceride, high density lipoprotein (HDL)-cholesterol, low density lipoprotein (LDL)-cholesterol, fibrinogen and high-sensitivity C-reactive protein (hsCRP) in an overnight fasting state. Height (m2) and body weight (kg) were used to calculated body mass index (BMI).
Coronary angiography
In a fasting state, coronary angiography was performed by the Judkins' method following the puncture of femoral artery or via a radial artery approach. The severity of coronary atherosclerotic lesions was evaluated from at least three projections in all the patients. Significant stenosis was defined as a diameter stenosis of 50% or greater in major three epicardial arteries.
Blood sampling for measuring the adiponectin level was obtained at the time of angiography. Serum adiponectin was measured by ELISA (R&D Systems, Inc., USA).
Measurement of echocardiographic cardiac adipose tissue
Each patient underwent transthoracic echocardiography on the next day after coronary angiography. Echocardiograms were performed with VIVID 7 (GE, USA) instrument by standard techniques with subjects in the left lateral decubitus position.
We measured EAT thickness on the free wall of right ventricle from parasternal long-axis views. EAT was identified as an echo-free space in the pericardial layers on the twodimensional echocardiography and its thickness was measured perpendicularly on the free wall of the right ventricle at end-diastole on three cardiac cycles. 13) 14 ) The measurement was performed at the point on the free wall of the right ventricle along the midline of the ultrasound beam, with the best effort to be perpendicular to the aortic annulus, anatomical landmark (Fig. 1) . MAT presenting as an echo-lucent area above the parietal pericardium was also measured at same line. In thin patients whose MAT was indistinguishable, the free wall of the right ventricle was magnified for observation, and if it was still indistinguishable after magnification (11 cases), only PAT thickness was used in statistical analysis. The average value of three cardiac cycles from each echocardiographic view was used for the statistical analysis. The intra-observer and inter-observer correlation coefficients were 0.94 and 0.90, respectively, indicating good reproducibility and reliability.
Statistics
Statistical analysis was done using SPSS 11.0 for Windows. All data were expressed as mean±standard deviation or number (percent). Patients' characteristics according to the presence of CAD were compared using independent t-test and Chi-square test. The EAT thickness and serum adiponectin level were compared with other risk factors and coronary atherosclerosis using one-way ANOVA test. The correlations of cardiac adipose tissue with various clinical and biochemical variables were examined by Spearman correlation analysis. Multivariate analysis was performed to determine the factors related to significant coronary artery stenosis. Statistical significance was set at p<0.05.
R Re es su ul lt ts s
The mean EAT of the patients was 2.88±1.94 mm (range 0.20-9.60 mm), the mean MAT 3.22±2.65 mm (range 0.00-12.70 mm), and the mean PAT 6.10±3.38 mm (range 0.50-18.20 mm). Table 1 shows the baseline clinical characteristics according to the presence of obstructive CAD. Compared to those without significant stenosis, patients with CAD were older (58.1±10.0 vs. 62.5±10.1 years, p=0.010), showed higher prevalence of diabetes (14.7 EAT showed a significant positive correlation with age (r= 0.225. p=0.005), homocystein (r=0.289, p=0.001), fasting glucose (r=0.167, p=0.042), and fibrinogen (r=0.218, p= 0.009), and a significant negative correlation with serum adiponectin (r=-0.194, p=0.016) ( Table 2) . Particularly in male patients, the correlation between MAT and serum adiponectin level was more significant (Fig. 2) . MAT showed a correlation with BMI (r=0.185, p=0.023), but not with other biochemical markers.
EAT increased significantly with increase in the severity of CAD (Fig. 3) . EAT was 1.76±1.36 mm in patients without significant stenosis (n=68), 3.39±1.64 mm in single vessel disease patients (n=41), 4.12±2.03 mm in multi-vessel disease patients (n=44), showing significant differences among the groups (p<0.001 by ANOVA). However, MAT was not proportional to the severity of CAD. The serum adiponectin level showed the tendency of decreasing with increase in the severity of CAD but the tendency was not statistically significant (p=0.065 by ANOVA).
The results of multivariate logistic regression analysis for prediction of CAD were presented in Table 3 . In addition to the well-known CAD risk factors, such as age, diabetes, LDL cholesterol and hsCRP, EAT thickness and serum adiponectin were independent predictors of obstructive CAD. However, MAT thickness was not associated with CAD.
D Di is sc cu us ss si io on n
The present study demonstrated that EAT was an independent predictor of CAD and negatively correlated with serum adiponectin level. In contrast with EAT, MAT was not associated with CAD and adiponectin.
It has been reported that EAT plays a role in the pathogenesis of CAD. The studies using epicardial fat obtained during coronary artery bypass surgery revealed that significantly higher expression of interleukin-1, interleukin-6, and tumor necrosis factor-a mRNA was shown in epicardial fat than in leg subcutaneous adipose tissue. 8) In addition, the expression of adiponectin, a protective cytokine, was significantly lower in the EAT of patients with CAD than in that of patients without CAD. 9)10) EAT thickness was also correlated with LDL cholesterol, HDL cholesterol, fasting glucose, hsCRP and blood pressure.
2)5)14)15) Accordingly, EAT is believed to be closely related with the incidence and development of CAD, and in our study as well, EAT was an independent predictor of obstructive CAD. Recently, it is reported that EAT is correlated not only with tissue expression but also with serum pro-inflammatory mediator interleukin-6, monocyte chemoattractant protein-1, visfatin, and plasminogen activator inhibitor-1. 16)17) In this study, the serum adiponectin level showed a negative correlation with EAT. These evidences suggested that EAT plays as a endocrine organ of the heart. Several imaging modalities have been used for the assessment of epicardial fat. Since Iacobellis et al. 13) introduced the measurement of EAT thickness using echocardiography for the first time in 2003, epicardial fat measuring on the right ventricular free wall has been generalized. It is common recently to measure the volume of epicardial fat using multislice computed tomography (MSCT) or magnetic resonance imaging (MRI).
1)4)6) Fat volume also shows a high correlation with coronary calcium score or the risk of CAD. Because EAT is a three-dimensional structure, it may be more accurate to measure the fat volume, but as its high correlation with echocardiographic measurement has been proved, MSCT or MRI may not be necessary if it is only for the evaluation of cardiac adiposity.
When we examine cardiac fat, we can see that adipose tissue is divided by the parietal pericardium. The tissue between the epicardium and the parietal pericardium is called EAT, and the tissue in the outside is called MAT, and the whole of the tissues is called PAT. 18) Research using CT reported that PAT shows a correlation with abdominal fat and is associated with coronary risk factors. 12) In our study, MAT did not show a correlation with coronary risk factors, so the association of PAT, the sum of EAT and MAT, with such factors appeared weak. Furthermore, although PAT was related with the severity of CAD, it was not an independent factor of CAD. In fact, EAT is a different type of tissue from MAT. EAT originates from the splanchnopleuric mesoderm associated with gut. On the other hand, MAT originates from the primitive thoracic mesenchyme, which splits to form the parietal pericardium and the outer thoracic wall. EAT is supplied by branches of the coronary arteries, whereas MAT is supplied by the branches of the internal mammary arteries.
18) Accordingly, it is believed that, compared to MAT, EAT is more closely associated with the incidence of CAD and the development of atherosclerosis.
Our analysis was limited by the studied population because it included only those patients pre-selected to undergo coronary angiography. A prospective cohort study might be necessary to elucidate the clinical significance of EAT and MAT in the general population. In addition, as epicardial adipose tissue has a three-dimensional distribution, two- dimensional echocardiography may not assess the total amount of epicardial adiposity completely. When we measure EAT on the free wall of the right ventricle, we may measure from the parasternal long axis view and from the short axis view and obtain the mean of the two values, but because the two measurements are highly correlated with each other, some studies including ours use only the value measured from the parasternal long axis view.
5)19)
In conclusion, compared to MAT, EAT showed higher association with the severity and risk factors of CAD, and a good negative correlation with the serum adiponectin level. Echocardiographic epicardial fat measurement might be used as an easy and reliable cardiovascular risk indicator.
